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Since ancient times, wind energy has been exploited in various fields, it was 
at the beginning used to rotate pumps for the purposes of agriculture and 
irrigation. At the beginning of the 18th century, wind turbines began to 
produce electricity with modest capacities. In the following years, the 
capacities of the turbines increased and it became necessary to deal with this 
increase by reducing losses and inventing new designs for turbines Suitable 
for working conditions and installation location. The rotor power coefficient 
in a wind turbine can reach 0.59 which is called the bets limit. The vertical 
axis wind turbine (VAWT) design was invented for working conditions, 
capacities, and places, in which it may be difficult to install older Horizontal 
axis wind turbines (HAWT). The efficiency of the HAWT is still higher than 
the VAWT, in addition, the amount of efficiency in the HAWT is greater 
than the VAWT by 25% but the VAWT has the amount of torque more than 
the HAWT. The main objective of this research is to compare the VAWT 
and the HAWT, taking into account several aspects which have been 
reviewed to try to understand the importance of the two designs. 
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1. INTRODUCTION 

Wind turbines can be exploited as a direct source of mechanical energy, or as an indirect source of 
energy, which means converting the kinetic energy in the wind into the rotational energy in the turbines also 
converting it into electrical energy [1]-[4]. Wind turbine farm consist of a potentially large group of wind 
turbines covering an area of hundreds of square miles [5]. Also, wind power system components are turbines, 
capacitor bank, main transformer, transmission lines and bus bars [6]. All of renewable energy sources (solar 
and wind) with an energy storage system that leads to a diversity of energy sources and reduces greenhouse 
emissions [7]-[11]. The initial cost of construction is high, and for example there are very many countries, 
some of their energy production comes from wind energy, for example, Denmark in 2008 produced 8% of 
wind source [12]. Recently, the generation of electricity by wind turbines has become popular and 
economically feasible [13]. Among the most important renewable energy sources are the sun and wind, and 
the aspiration to increase energy production through them in the future is something that has actually been 
implemented [14]. Industry of wind turbine become looking to reduce production and maintenance costs 
[15]. Horizontal wind turbines are the oldest among their types and their advantages are that the torque is 
high, which makes them suitable for rotating water pumps. And even that the blades in them are not 
complicated and were for example made of wood [16]. Vertical axis wind turbines (VAWT) are more 
suitable for marine and urban applications due to their low noise, durability and cost reduction compared to 
others and their ability to expand. On the other hand their aerodynamic performance is weaker than 
horizontal axis wind turbines (HAWT) [12]. 
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The aim of this comparison is to determine the basic differences between the two most popular 
designs of wind turbine, which in turn would be a good idea by describe many features, advantages, 
disadvantages, explain many characteristics and comparing of the subtypes that fall into one of the basic type 
of wind turbine. 


2. METHODOLOGY 
2.1. An overview of HAWT and VAWT 

The wind turbine witch has vertical axis, that the rotation is perpendicular to the direction of the wind 
[17]. As the rotation is a result of the dragging force and is the most influential in VAWT [18]. Figure 1(a) 
shows the VAWT [19] parts and note that it is relatively simple compared to HAWT [20], in addition it 
contains supports between the rotor blades and rotates with it in order to achieve more balance, and the 
performance for the turbine is controlled by an engine at different rotation speeds. The motor can also be 
exploits as a rotating starter, as this type of turbine is not self-starting. 

The motive power of a horizontal wind turbine is either the lift force, drag force or both [21]. 
Figure 1(b) shows the main parts of the wind turbine with a horizontal axis, the direction of wind attack the 
turbine from the hub side. The wind is perpendicular due to the blades. The rotating part find a lifting and 
dragging force, also from them to rotate the generator and produce electrical energy. Here there is pitch 
control to adjust the angle of inclination of the blades in order to increase or decrease the lifting or dragging 
force, according to the parameters of the control part. 
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Figure 1. Wind turbine diagram for (a) VAWT parts [19] and (b) HAWT parts [20] 


2.2. Characteristics of VAWT and HAWT 

In the production of electricity from wind energy, we have two types of turbines in use. VAWT and 
HAWT. HAWTSs are the most efficient in extracting power from wind and converting it into rotational power 
then into electrical power [22]. Horizontal wind turbines can be upwind, meaning that the rotor is meets the 
wind direction, and it can also be downwind, so that the rotor is behind the Nacelle in some designs, but this 
type is the least efficient among the types of HAWT. The yaw controlling system can also be available in this 
type of wind turbine and is responsible for keeping the rotor in a perpendicular direction to the air flow [23]. 
The torque in the VAWT is higher relative than the HAWT ones, because the rotational speed is slower and 
therefore the torque is higher [24]. Fatigue damage negatively affects the life of the wind turbine of all kinds, 
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whether HAWT or VAWT, and the resulting stresses deliberately affect all components of the wind turbine 
either directly, such as the tower, and blades, or indirectly, such as the generator and gearbox. Some 
components of the changes that occur and negatively affect the response time, then we can say that the 
offshore wind turbine is subjected to more stresses than the onshore, due to the waves crashing into it and the 
salts volatile from the seas that affect the paint and the tower in particular as well as the foundations [25]. 
With the passage of time, the capacity for wind turbines increases, as well as their sizes and masses. 
Therefore, these increases are offset by an increase in stress, repeatedly and periodically. Which leads with 
the passage of time and the repetition of stresses and vibrations to deformation in the structure. When 
designing the wind turbine, this matter is taken into account [26]. 


2.3. Wind turbine power theory 
Wind energy can definition that the energy contained in the wind by motion, it is called kinetic 
energy. Also, it is depending on velocity of motion fluid and its mass. Kinetic energy can calculate by (1) [27]. 


KE = 5.m.U? (1) 


Where m is the mass of fluid, U is the fluid flow velocity. The rate the kinetic energy in the flow called wind 
power. As the talking about wind (air fluid). Kinetic power can calculate by (2) [27]. 


p=-,™ y? (2) 
From (1) after replacement the mass by the mass flow rate. The turbine power can calculate by (3) [27]. 
P==.p.A.U? (3) 


Where p is the wind density, A is area of rotor which is A = (1/4) * D? which D is the diameter of the rotor, 
and U is the wind velocity, the result unit is given in Watts, wind power density given by divide (3) by the 
area. Power coefficient; is the ratio between power of turbine due to power of wind can calculated by (4) [27]. 

Pr 


CP = — 


Pw (4) 

Note that the power of turbine less than power of the wind, which mean CP become less than 1. 
Maximum power coefficient given by pet's limit CP = 59% which is the best efficiency of wind turbine. 
Power of turbine can calculate by multiplying wind power and power coefficient by (5) [27]. 


P ==.p.A.U%.CP (5) 


From (5) the amount of power produced by the turbine depends on density of air, area of circle that rotor 
make, velocity of wind which is have major effect because its cubic and power coefficient. All increase of 
one or more of them will enhance wind turbine power. 


3. RESULTS AND DISCUSSION 
3.1. Rotor power coefficient and the tip speed ratio 

Figure 2 shows various types of the wind turbines HAWT and VAWT. On the y-axis, it shows 
power coefficient it is the amount of energy that the turbine extracts from wind and converts it effectively 
into electrical energy. In the best cases, the percentage does not exceed 60%, the highest value is given as 
bets limit and be 0.59, power coefficient also depends on the number of the blades, turbine type and capacity. 
We also note that the HAWT are generally better in extracting energy from wind than the VAWT. On 
the x-axis represents tip speed ratio; it is the speed of the blade rotation at the tip relative to the speed of the 
non-turbulent wind passing through the turbine [22]. It is the same shape that the HAWT modern turbines 
have more tip speed ratio this means that it is easier to choose the location of the wind farm and the lower 
the number of blades. The greater tip speed ratio, Darrieus VAWT better than the old designs of HAWT. 
Followed by Figure 3 which is represent the variance in rotor power coefficient and the tip speed 
ratio between several wind turbines, as well as Figure 3 which is chart explains the values of rotor 
power coefficient and the tip speed ratio, as well is gives an idea of the difference between the types of 
wind turbine. 
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3.2. Wind turbine efficiency 

Table 1 shows some characteristics of a group of wind turbines also the characteristics are 
orientation, use, the main acting force, and peak efficiency. As shown in the following table and chart, there 
is a noticeable discrepancy in the efficiency of wind turbines based on the history of the industry. The more 
modern turbine the more efficient it is. The machines that work with lifting force have a higher efficiency, 
also, the increase in the number of rotor blades is offset by an increase in efficiency to a certain extent. On 
the other hand, increase in number of blades generates more stress in the turbine and must be taken into 
account when designing it. Here can deduce that the HAWT has a higher efficiency than the VAWT. 
Followed by Figure 4 which is chart explains the deferent peak efficiency for eight types of wind turbines. 
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Figure 3. Wind turbines rotor power coefficient and the tip speed ratio for several wind turbines 
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Figure 4. Wind turbines peak efficiencies 


Table 1. Comparison of efficiency between some types of HAWT and VAWT [28] 


Design Orientation Use The main acting force Peak efficiency% 

Cup VAWT Modern cup as Anemometer Drag 8% 
Savonius rotor VAWT Flettner ventilator, cooling device in vehicles Drag 16% 
Dutch windmill HAWT 16" century to pumping water Lift 27% 
American wind HAWT 18" century to pumping water and electricity Lift 31% 
turbine generation 

Darrieus rotor VAWT 20" century to electricity generation Lift 40% 
One-blade rotor HAWT 20" century to electricity generation Lift 43% 
Tow-blade rotor HAWT 20" century to electricity generation Lift 47% 
Three-blade rotor HAWT 20" century to electricity generation Lift 50% 


3.3. Properties of both type 
In this part of the research, some properties will be defined of each type and highlight the pros and 
cons and properties which distinguishes one from the other. 


3.3.1. Horizontal axis wind turbine (HAWT) 

HAWT takes power of wind from one direction and works to convert it into rotational power then 
electricity in generator, but it needs a yaw system on the contrary that VAWT does not need yaw. VAWT is 
easier to maintenance than the HAWT because it is proximity to the surface of the earth and its lack of need 
for high-altitude equipment and because of its small capacity compared to HAWT [29]. In HAWT the 
generator is in the top of the tower in order to obtain the rotational force directly from the rotating part, and a 
gearbox may also be available to determine the speed of rotation of the generator and control it in order to 
maintain the integrity of the parts, especially the generator. In some cases, an increase in the altitude above 
the earth’s surface of 10 meters is accompanied by an increase in wind speed of 2% which means an increase 
in electricity production by 34% [30]. HAWT Also, has developed very significantly and is used in large- 
scale wind farms [31]. HAWT has the advantage that it does not need external starting, which means that it is 
a self-starting machine, as well as the aerodynamic loads are fixed to a large extent, which facilitates 
handling and reduces their danger [32]. Many materials such as iron, aluminium, zinc, copper, titanium, 
nickel and fiberglass entering the turbine industry HAWT and VAWT as well as some natural biological 
compounds and thermoplastics are used in the manufacture of blades [33]. In fact, there are two main types 
of noise produced by wind turbines, which are tow mechanical, and aerodynamic noises. Work began a 
relatively long time ago to reduce this noise, which is considered a type of audio pollution, and determining 
the source of this noise is the first step to overcome [34]. 

Figure 5 shows some differences between the types of small capacity wind turbines 20 kW. Where 
notice that the differences start from the amount of power coming out of the turbine also here we mean the 
maximum value, VAWT work in this case at speeds of winds slightly higher than the HAWT the noise 
generated by the HAWT is 25% higher and this is the case in all turbines, synchronous a generator that was 
used in both cases in order to unify the characteristics of electricity between the grid and the output from the 
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turbines, and it can be said that it is also in order to obtain electrical characteristics for specific devices and 
loads, followed by Figure 5 witch is chart represents of the table content and shows some deferent between 
two type of wind turbine [35]. 

Figure 6 shows power and wind speed curve for 20 Kw of power VAWT and same nominal 
capacity of the HAWT, the curve represents that the power begins to increase afterwards cut in speed and to 
reach the peak at rated wind speed (nominal wind speed). Note that the peak power value is higher in the 
HAWT. On the other hand, the HAWT operate at a prescribed speed with a lower range 15-18 m/s, on the 
contrary the VAWT operate at a rated wind speed 11-21 m/s. In both cases all access to cut out speed the 
turbine stops producing electricity in order to preserve the components from damage that may occur to them 
due to high temperature, friction, stress and other factors. VAWT is less exposed to storm delay, the control 
system has been modified to reach power up to 30 kW. Followed by Table 2 which is represent the variance 
in power production in kW by HAWT and VAWT, as well as Figure 7 which is chart explains the values of 
power production at several wind velocity. 


Table 2. Comparison between the power, for the HAWT and the VAWT in several wind velocity 
Power of wind turbine (m/s) _ HAWT Power (kW) VAWT Power (kW) 
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Figure 5. Wind turbines properties at the same nominal power 
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Figure 6. Wind turbines power, and wind velocity for the HAWT and VAWT [35] 
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Figure 7. Wind turbines power according wind velocity 


3.3.2. Vertical axis wind turbine VAWT 

There is a topic that should be noted when studying wind turbines, which is aspect ratio AR. It is 
defined as that the ratio between length of the blade and the radius of the rotor [36]. In the case of the HAWT 
it has a fixed Aspect ratio since the rotor has a regular circular shape, on the contrary, VAWT can have a 
large blade length and a small radius, or vice versa, and this means that it has a different aspect ratio and is 
not necessarily equal to one, as is the case of the HAWT [37]. VAWT extracts wind energy that flows from 
every direction and is suitable for difficult working conditions and in urban areas and can also, be placed at a 
certain height without problems for pedestrians and vehicles [38]. VAWT is usually used for low load 
requirements, unlike the HAWT which is usually used for remote areas and in the offshore witch works in 
undisturbed wind conditions and clean [39]. Most of the research and experiments conducted on the VAWT 
began in the seventies and 80" of the last century [40]. The capacity of the VAWT can reach to 6 Mw of 
power as well as have total mass of 550 ton, it is compatible with an interactive pitch control system. Also, 
the VAWT is suitable for floating marine applications due to its low center of gravity, which gives it stability 
in those applications like boats [41]. Figure 8 shows VAWT installed in sea which it is did not need to yaw 
mechanism, it is catching the attack wind from any direction. VAWT maybe it has pitching control as the sea 
have no particle that impede movement of wind. 

HAWT have more amount of energy production unlike VAWT it’s until now use for small scale 
application, which can reach to 6 Mw of power [41]. HAWT can reach to 20 Mw of power. HAWT it is achieved 
great growth from the 80s until now [41]. Both types can be equipped with a power control system [35]. 


3.3.3. HAWT and VAWT comparative 

Table 3 shows many comparisons between (HAWT and VAWT). At the beginning the torque is 
greater in the HAWT than in the VAWT. The sites which can install the turbine on is the same but cannot 
install HAWT in cities due to noise and yawing is not easy in that, Blade material the same but oldest the 
HAWT blade made of wood. VAWT have ability of expanded more than the HAWT. Durability is higher in 
the VAWT than the HAWT. Capacity of the wind turbine become larger and larger but so far HAWT 
become the bigger, noise become from HAWT higher than once VAWT. Aerodynamic performance better in 
the HAWT than VAWT, all HAWT exploiting the lifting force as major force but in the VAWT become 
dragging force, not easily to do maintenance for HAWT due to altitude above ground, yaw control important 
in HAWT to catch the wind but not required in VAWT because the turbine facing wind direction at all time. 
Fatigue and stress in HAWT are higher than VAWT due to high and mass, power coefficient in the HAWT 
higher than VAWT rise to 0.5 facing 0.4 in the VAWT. Tip speed ratio in the HAWT higher than VAWT 
rise to 14.3 facing 5.1 in VAWT. Peak efficiency in HAWT higher than VAWT rise to 50% facing 40% in 
VAWT, altitude above ground level in the HAWT higher than the VAWT. Use of HAWT for pumping water 
and electricity generation but VAWT uses for anemometer device, cooling device in vehicles, flettner 
ventilator, and electricity generation. Self-starting in the HAWT is available facing VAWT is not suitable. 
Manufacture material in the HAWT is iron, aluminum, zinc, copper, titanium, nickel, fiberglass and wood. 
Nominal wind speed in the HAWT is lower, which the increase in wind speed more danger due to capacity 
and stress, in the VAWT normal wind speed is higher, which increase in wind speed less danger due to 
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capacity and stress. The HAWT have fixed aspect ratio (AR) equal to one, unlike VAWT have several AR 
due to dimension of rotor and it is radius. Yow and pitch control taken into account. The HAWT have higher 
mass than the VAWT. Also, all types have power control system. 


4. CONCLUSION 

The present work is focused on comparison between the HAWT and VAWT. The HAWT are more 
suitable for large capacities at remote areas and offshore areas, as well as it is efficiency reach to 50% 
comparing to the VAWT that can reach to 40% and it suitable for small capacities at cities sites and offshore 
areas. The power coefficient in the HAWT is 2% higher than the VAWT. On the other hand, the HAWT are 
usually more expensive than VAWT and it is difficult to maintenance because it is greater height above the 
ground. It is not possible to abandon either type. The modern HAWT can reach to 20 Mw capacity or higher 
comparing to the VAWT which is reach 6 Mw capacity with using active pitch control. The phenomena 
witch they occur to generate electricity from wind energy include valley, mountain breeze, sea breezes, land 
breezes, periods in which should be exploited. 


Figure 8. VAWT in offshore site [41] 


APPENDIX 
Table 3. Comparison between HAWT and VAWT 
Ref. Type of wind turbine HAWT VAWT Main results 

[16], [24] Torque High torque as result Higher torque asa result Both have value of torque suitable for 
of high power and of lower rotational speed electricity generation, which the 
blade length. electricity generation is the main goal 
Currently for manufacturing of wind 

turbines. 

[25], Site selection for - Onshore - Onshore They can be installed in 

[35], install - Offshore - Offshore approximately the same areas with the 

[34], - Remote area - Can install in cities due superiority of the VAWT because it is 

[35], - Should stay away to less noise and did not calm and attracts winds from all 

[29], [41] from the area s of need to yaw control directions. 
buildings and cities mean that catch the wind 

from any direction 

[16], [33] Blade material - Fiberglass - Natural biological The manufacturing materials are very 
- Natural biological compounds similar because they are machines that 
compounds - Thermoplastics generate electricity, and perhaps the 
- Thermoplastics - Fiberglass difference is that the VAWT has a 
- Wood - metallic newer design, which means that it is 
- metallic made of the latest materials. 

[12] Ability of expanded Lower Higher VAWT have ability of expanded more 
than the HAWT, because it is had low 
cost and easier to install than the 
HAWT. 

[12] Durability Lower Higher The maintenance of the VAWT is 


easier and suitable for more working 
conditions. 
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Table 3. Comparison between HAWT and VAWT (continue) 

Ref. Type of wind turbine HAWT VAWT Main results 

[41], [42] Capacity Higher, rise to 20 Mw Lower, rise to 6 Mw HAWT have higher capacity than the 
or higher VAWT and it has large-capacity wind 

turbine farms. 

[12], Noise Higher Lower VAWT is a quieter than the HAWT 

[34], [35 and it is suitable for working 

conditions within cities and over a 
wider range. 

[29], Aerodynamic - Greater due to - Weaker may have only Pitching and yawing increases the 

[32], [41 performance yawing and pitching. pitching. amount of power produced, there are 
- Fixed aerodynamic - Non fixed aerodynamic better in the HAWT, in addition the 
load to a large extent. load due to many winds aerodynamic loads hindering power 

direction attacking. production and it is considered 
relatively constant in the HAWT. 

[18], The main acting force Lift force - Drag force most of HAWT exploits the lifting force 

[20], [28] them. mainly in order to generate the 

- VAWT with Darrieus momentum force to rotate the rotor. 
rotor it is lift force As for the VAWT, the drag force is 
the most exploited. 

[29] Maintenance Difficult to Easier to maintenance Maintenance is complicated in the 
maintenance due to due to their lower height  HAWT due to highs above the 
their higher height above the ground. ground, also it is need special 
above the ground. elevators, and unlike the VAWT it is 

low highs above the ground as well it 
is easier to maintenance. 

[23],[38], Yaw control Available for this type Itis not required because HAWT exploits yaw control to 

[41] mechanism and raise its efficiency the rotation in rotor it is increase the intake of wind power, on 
of wind turbine. caused by any wind the contrary, the VAWT does not 

direction. need this feature because it exploits 
wind energy in any direction. 

[25] Fatigue Negatively affects the Negatively affects the Fatigue negatively affects the lifetime 
lifetime. lifetime. of both types, especially on HAWT 
Larger due to high Lower due to Low center because of the high center of gravity 
center of gravity. of gravity. in it, which is the nacelle. 

Stress - Higher capacity, - Lower capacity, lower The greater mass of HAWT due to its 

[25],[26], higher mass which mass which mean lower large capacity increases the stress it 

[28],[35], mean larger stress stress faces, as well use of the HAWT in 

(29],[41], - As it uses more in - As it uses less in offshore more than the VAWT It 

[42] offshore witch stress is offshore witch itis stress always makes it more affected by 
increase is decrease stress. 

[22], [27] Power coefficient Higher rise to 0.5 Lower rise to 0.4 The power coefficient in the HAWT 
approximately in three approximately in is 25% higher than the VAWT. 
blade upwind turbine Darrieus rotor turbine 

[22] Tip speed ratio Higher rise to 14.3 in Lower rise to 5.1 in Tip speed ratio in the VAWT is 
one blade turbine Darrieus rotor turbine 64.35% lower than the HAWT. 

[27], [28] Peak efficiency Higher rise to 50% in Lower rise to 40% in HAWT is more efficient than the 
three blade, upwind Darrieus rotor turbine VAWT by 25%. 
turbine 

[29] Altitude above ground Higher Lower VAWT in general it has lower 

level elevations than the earth's surface, 
compared with HAWT which is 
characterized by great heights. 

[28],[31], Use - Grinding grain - Anemometer In addition to generating electricity, 

[39], [41] - Pumping water - Cooling device in the uses depend on quietness, turbine 
- Electricity generation vehicles capacity, and ease of maintenance. 

- Flettner ventilator 
- Electricity generation 
[19], [32]  Self-starting Yes No, may have motor to HAWT is self-starting machine which 
starting is does not need for external starting 
force, unlike the VAWT that need a 
specific mechanism to start the 
rotation. 

[16], [33] Manufacture material Tron, aluminum, zinc, Tron, aluminum, zinc, Very similar materials used in 
copper, titanium, copper, titanium, nickel manufacturing of both wind turbines. 
nickel, fiberglass and and fiberglass 
wood 

[35] Nominal wind speed Lower, witch the Higher, which increase In case was studied, which is small 


increase in wind speed 
more danger due to 
capacity and stress 


in wind speed less 
danger due to capacity 
and stress 


scale of wind turbines, the result was 
that the VAWT have higher normal 
wind speed than the HAWT. 
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Table 3. Comparison between HAWT and VAWT (continue) 
Ref. Type of wind turbine HAWT VAWT Main results 
[36], [37] Aspect ratio Always be one The value varies In fact, there are different values of aspect 
based on the rotor ratio in VAWT, due to due the difference in 
length and radius the ratio between the length of the rotor and 
the radius of rotation, unlike the HAWT 
which have fixed aspect ratio as a result of 
symmetry between rotation radius and rotor 
length. 
[41] Total mass (all Higher Lower HAWT have a total mass higher than the 
component) VAWT, also the reasons are result of higher 
capacity, altitude and some mechanism that 
existing in the HAWT like yaw control 
which is not existing in the VAWT. 
[21], [41] Pitch control Existing Existing Both types have mechanism that it is used to 
mechanism change the angle between the blade and the 
direction of the wind flow, which have name 
of (pitch control). 
[35] Power control system Existing Existing For safe, monitoring and reporting, all types 
have power control system. 
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